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Visualizing Charged flow in HI collisions ﬁfR

» Treat the pion momenta
Pz vs Px as unit vectors

1.25 - Find the charge flow axis,
: I e T
17 s Wt owan
0.75- AMS y = 0.577 and align the X axis with it
e Plot Pz vs Px for all pions
oo in the event
0.25 Add T and subtract TT
X 0= T inred, 1T in blue
— All events will look like this
due to the random walk of
-0.5 - pions in phase space
-D.TE-E — and due to the
- conservation of charge
o S and momentum
1,25 But k ~ will also be biased

towards alignment with
other physical processes
such as CP violation s
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A Simulation of Dima’s CP Violation Effect R
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D2H1

Heni = B14678T7

Mean & = 0.00312
I.Ia.rli_f-l} EREPS
AMS x = 0,5060
RMS y = 0,5581

Same rules as before

Look in the YZ plane
— Model = Broken
— N =400
— Kick = 90 MeV

" in red, 71T Iin blue

Note the diagonal
motion of the pion
groups

This is the unique
signature of aligned
E and B fields in a
heavy ion collision
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The Null Case CP violating fields turned off R

w

Menl = BE203821
1.25 5
. Meanx=000253 o Sgme rules as
- Mean y = 2.106:-§
1 E AMS x = ,5958 before
D.?E _; AMS vy = 0,5587
0.5 = . Look in the YZ plane
0.25 : — Model = Broken
i — N =400
Yo 07 _ Kick = 0 MeV
-0.25 —;
0.5 < e Tinred, 71T In blue
-0.75
2  Note the lack of a
" diagonal pattern and
-1.25 3 random contours
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Diagonal motion is unique to E_+B effects %

I:)X
T 1T
© @ EB effects
O o E field effects, alone
' o A A B field effects, alone
/\ /N >
I:)Z
@) O e Assume that the E
and B fields are
parallel and aligned
with the X axis

Pion Lasers and how they interact with the E and B fields
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The Twist Tensor example usin

A P, T, =

T A

ion lasers R

> wxm) ouow =)

Expand the 1T beam
Consider i=j=2z

The 1st term measures
the up-down angle in a

cylindrical coordinate
system

The 2nd term measures
left-right distance

The vector relations
yield unusual but
benign weights of
unknown origin

Bottom line: Count the
TC in the green areas
and subtract those in
the clear areas.

Repeat for each 1T

A pair-wise counting exercise
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But ... Re-arrange the sum over pairs AR

The Twist tensor is defined as

T, g(n;xn')m (- ),

i) Bk i+ 3o B i

Define k * and k™ so that

Z(nk) = L(k+k ), Z(nl)=%(k+—k)

O

N 2

and substitute

T Bl m) (o) - Ny () b+

T 3 () (e )ar) 0y (o) (e Jan )

2
k™ rotates due to interactions with the fields. k  * does not. Note that the
second term goes to zero because k * does not contain information
about the E and B fields on a pair by pair basis. k  *is random with
respect to the detector acceptance cuts.
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‘Pairs analysis' reduces to ‘singles' analysis __ JC®

The conclusion, then, is that

2[5,
NN~

_ []
O KTwist = [
[]

Zaxis =z and Yaxis = k "xz

We can use this expression directly, or, simply count the number
of pions in each quadrant of this new reference frame.

Py

- -

JT: 8
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SystematicErorCheck e

A valuable check on our systematic errors is to monitor

0
KTwist” = E'\“ Z( ﬂJﬂJ) + Ni ("Q"Z )

I

Zaxis =z and Yaxis = k Txz

As usual, we can use this expression directly, or better yet, count the
number of pions in each quadrant of this new reference frame where we

use k* as the reference direction. kTwist ¥ will be zero in the absence of
systematic errors.

—= -

JT: 9
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wist  Few

 We define a new ‘counting’ observable called KTwist
(with humble apologies to Dima Kharzeev?, Miklos Gyullassy?, and the authors of C++)
and normalize it on a ‘per event’ basis:

kTwist = §N1+ Zsign(n;n;) - % Zsign(n;n;)

I

o le . 1o
where =p./|p, ], T, = T Z,,, = T (KpX2Z,y), and k = FZHK —FZM

e |tis ‘singles’ analysis and it is ‘projective’ in the (y,z) plane
» |tis the algebraic manifestation of the graphical analysis technique

we introduced last year and it is similar to the quantity discovered
independently by Voloshin 3, but without the unusual weights.

« There are many possible systematic checks on our event analysis

using kTwist * or the kTwisted version of the other components of the
Twist tensor.

s () (ocm)ar) - 2y () (o))
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Model = Broken N =400 Kick =90 (Bubble onl R

D2HO Sign of Px Pz vs Py
Nent = 1510304 Nent = 5746 Nent = 5746
3 o 0o T van 031 SO T T van 0.1
_: Mean y = 0.00247] % o RMS = 0.11 % [ RMS = 0.14f
E RMS X = 05577 = o p e - -
3 |RrRvsy = 0584 §350 - -] §300 - .
E o F ] o F ]
E ‘5300 3 Sasof- E
3 > o 9 >
2ok ] g I ]
] ] - 3 ] [ b
E z ] 700 ]
E (L200F E T f ]
3 [ ] 150 -
E 150 3 s ]
100E ] 100fF 3
ok 3 sof- E
ok 3 TR W TPRT TP IR B YO PR
-1 -08-06-04-02 -0 02 04 06 08 1 -1 -08-06-04-02 -0 02 04 06 08 1
Sum over Pi Plus minus sum over Pi Minus Sum over Pi Plus minus sum over Pi Minus
Dors ISign of Px_bkgd m Pz vs Py_bkgg Pz vs Py_bkg( 3
Nent = 1510304 Nent = 5746 510304 Nent = 5746
Meanx - 0.0084 8240_................................ Vean = 0.00272 1257 008 83()0_................................ Viean = 000145
Mean y = -0.0014( C220 :_ RMS = 0.2089 _: 0003@B5 = - RMS =0.1735
RMS X = 0.5565 g E 1 ] 0.5565 g [
RMSy = 0.5809 §200| o 0.75 3 “LRMsy = 0594 8250
0. .~E 1023 o F
3180 3 05 E 5 [
3160F i g200F
S140f 0.25 S
@ E = Qo [
[T120F 03 L1s0f
100F -0.25 3 .
80F 05 _E 100
60F -
40F 0753 s0F
E 20F -1 :
1.5 ot -1.25 3 ol
L] 05 5 05 1 1 -0.8-0.6-04-02 -0 0.2 04 06 08 1 L] 05 0 0.5 1 -1 -0.8-0.6-04-0.2 -0 02 0.4 06 08 1
Sum over Pi Plus minus sum over Pi Minus Sum over Pi Plus minus sum over Pi Minus
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Model = Broken N =400 Kick =0 (Bubble onl R

Pz vs Py Pz vs Py

67 Sign of Px o T2
Nent = 1436154 Nent = 5464 Nent = 5464

1.25: Mean x = 0.00249 g SR R RRRS Al L R i Eaaa nans ox IR 1.25: 845()_---|---|---|---|---|---|---|---|- Mean = 000191

3 Mean y = 0.00387] 2500 0 RMS = 0.09633 3 c F RMS =0.1197
1 E RMS x = 0.5557 g L 1 E §4OO :—
] |rRvsy =o0.5813 o 5 3 o -
0.75 ] L - 0.75 5] [
3 Oao0F 3 O350F
: ° I 0.5 °.F
g 3300F
0.25 ) [ 0.25 o) E
] 2300 o3 g250F
3 I [ E Ik
3 [ E 200
-0.25 200k -0.25 F
E : 059 1505-
100k -0.75 3 100F
¥ 19 50
T 0 -1.25 = ot

LY 05 0 0.5 1 -1 -08-06-04-02 -0 02 04 06 08 1 -1 -08-06-04-02 -0 02 04 06 08 1

Sum over Pi Plus minus sum over Pi Minus Sum over Pi Plus minus sum over Pi Minus

vs Px_bkg( IF ISign of Px_bkgd Pz vs Py_bkgg Pz vs Py_bkg( o
Nent = 1436154 36154 Nent = 5464
125 o g [T e oo 1.25 3 o g [T oo
s
3 RMSy = 0.5806 Q o 3 | RMSy = 0595 Q E
0.75 §300:_ 075 3 §300__
5 ° 0.5 ° F
S2s0F E Sas0f-
.25 g o 0.25 g 3
0 EZOO = 04 Igzoo 2
25 150 -0.25 150
5 ; 0.5 i
100F E 100
[ -0.75 [
50f P 50f
T ot -1.25 3 T ot
L] 05 5 05 1 -1 -0.8-06-04-02 -0 02 04 06 08 1 L] 05 0 0.5 1 -1 -08-06-04-02 -0 02 04 06 08 1
Sum over Pi Plus minus sum over Pi Minus Sum over Pi Plus minus sum over Pi Minus
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Model = Broken N =400 Kick =90

Full events

D2HO
Nent = 8146797

Mean x = 0.00312}
Mean y = 0.00015}
RMS x =0.5969
| RSy =05763

y

vs Px_bkg(

D2H2
Nent = 8146797

1.25

o
Y]

o
o O

-0.2!

<)

-0.7!

kO g o g oo g ,

Mean x = 0.00362}
Mean y = -6.431e;
RMS x =0.5969
RMSy =0.5758

o

'
e
N
al

Sign of Px HO
Nent = 5746

o FrTTTTTTTTTTTTT - oomes

EOOO' RMS = 0.04529

= ]

Q

j5] o e

Osoof- -

o 3 e

>

2 ]

c L 4

(3]

2600k .

g ]

i | ]
4001 .
200 -1

ARTRTRTNY T SRR

ISign of Px_bkgd
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D
o
(=]

Fre
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o
(=]

-1 -08-06-04-02 -0 02 04 06 08 1
Sum over Pi Plus minus sum over Pi Minus

H4
Nent = 5746
Mean =-0.00014!

RMS = 0.06192

~
o
(=]

5
o
(=]

w
o
(=]

Ql -0.8 -0.6 -0.4 -0.2

-0 0.2 04 06 08 1
Sum over Pi Plus minus sum over Pi Minus

RMS y =0.5581

Pz vs Py_bkgd

I
N}
a

¢ o
< N9 N
o o o o o (4] -

o

[E-
N 9N
ol

Pz vs Py

Occurance
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o
(=]
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o
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o
(=]

H2
Nent = 5746

Mean =0.01403
RMS = 0.05648

o]
o
(=]

o
(=]

w
o
(=]

0
-1 -08-06-04-02 -0 02 04 06 08 1
Sum over Pi Plus minus sum over Pi Minus

H6
Nent = 5746

Mean =-7.294e-(
RMS = 0.05721

o<}
o
(=]

<
o
(=]

Ql -0.8 -0.6 -0.4 -0.2

-0 0.2 04 06 08 1
Sum over Pi Plus minus sum over Pi Minus
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Model = Broken N =400 Kick =0 (Full events R

Ii.mo _Sign of Px o Pz vs Py 7
Nent = 7750652 Nent = 5464 Nent = 5464
e T o [T oo o T
Mean y = 0.00066[86 é I RMS =0.04128 8800 .- RMS = 0.05465
RMS x = 0.5957 &ooof- I o
=) I 3 L
| RrRvsy =05771 g | 3700 -
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o 3 o 3
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Sum over Pi Plus minus sum over Pi Minus Sum over Pi Plus minus sum over Pi Minus

vs Px_bkg( IW ISign of Px_bkgd m Pz vs Py_bkgg Pz vs Py_bkg( o
Nent = 5464 Nent = 5464
1.25 5 b PN dhaaaddsaa o aads niid haad han o (VRSSO 1253 e 8500 T T oo - ooss
_: Mean y = 0.00088ji8 =800 RMS = 0.05392 _: 7.661e- c [ RMS = 0.05311
1 E RMS x =0.5059 g E ! E . g700 :'
0.75 -; 3700 E- 0.75 _; | Rusy =0.5587 g é
ks - = ‘6600
5 geoo: 057 g ]
c o 3 e o
.25 2500F 0.25 e gSOO -
0 g k 04 g
400 E 400F
25 : -0.25 3 3
300F E 300F
] 0.5 :
200F 0.75 3 200F
100F 1 100F
T ot -1.25 4 T ot
L] 05 5 05 1 -1 -0.8-06-04-02 -0 02 04 06 08 1 L] 05 0 0.5 1 -1 -08-06-04-02 -0 02 0.4 06 08 1
Sum over Pi Plus minus sum over Pi Minus Sum over Pi Plus minus sum over Pi Minus
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Model = Landau N =400 Kick =90 (Bubble onl R

IW Sign of Px Pz vs Py Dot Pz vs Py 7
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vs Px_bkg( IiDZHZ ISign of Px_bkgd m Pz vs Py_bkgg Pz vs Py_bkg( o
Nent = 904504 Nent = 5816 04504 Nent = 5816
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150 E s F
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-1 [ 13 i
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Model = Landau N =400 Kick =0 (Bubble onl R

D2HO Sign of Px Pz vs Py Pz vs Py A
Nent = 884156 Nent = 5709 Nent = 5709
1.25: Meanx - 000251 ° T T T ean = 0.2 1.25: TN Ll RS A LR LA AR RALE LA a WY
E o - - E 3]
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Model = Landau N =400 Kick =90 (Full events R

Pz vs Py Pz vs Py

|D2HD Sign of Px HO H2
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Model = Landau N = 400 Kick

Full events

D2HO
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Mean x = -0.0030f
Mean y = 0.00084}
RMS x =0.5528
RMSy =0.5863
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Model = Chiral N =400 Kick =0 (Bubble onl R

Pz vs Py Pz vs Py

|D2HD _Sign of Px HO H2
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